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Abstract

Background: Pica, the repeated ingestion of nonfood items, can result in gastrointestinal (GI) 

outcomes. Children with autism spectrum disorder (ASD) and other developmental disabilities 
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(DDS) are disproportionately affected by both pica and GI symptoms. Study of the inter­

relationship between pica, GI symptoms, and ASD/DD is limited.

Objective/Hypothesis: We assessed associations between pica and GI symptoms in preschool­

aged children with and without ASD and other (non-ASD) DDS in the Study to Explore Early 

Development.

Methods: Our sample included children with ASD (n = 1244), other DDS (n = 1593), and 

population (POP) controls (n = 1487). Data to define final case-control status, pica, and GI 

symptoms were from standardized developmental assessments/questionnaires. Prevalence ratios, 

adjusted for sociodemographic factors (aPRs), and 95% confidence intervals were derived from 

modified Poisson regression.

Results: Within each group (ASD, DD, POP) and for the total sample, pica was associated with 

vomiting (aPR for total sample 2.6 [1.7, 4.01), diarrhea (1.8 [1.4, 2.21), and loose stools (1.8 

[1.4, 2.21). In the DD group, pica was associated with constipation (1.4 [1.03, 1.91) and pain on 

stooling (1.8 [1.2, 2.61). In analyses of the subgroup without pica, increases in GI symptoms were 

still evident in the ASD and DD groups compared to POP group.

Conclusion: These findings highlight an important adverse effect of pica, GI symptoms, in 

children with and without ASD and DDs; nonetheless, pica does not fully explain the increased 

risk for GI symptoms among children with ASD and DDS. These findings inform the specialized 

healthcare needs of children with ASD and other DDS.
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Introduction

Pica, the repeated ingestion of nonfood non-nutritious items, is a serious condition that 

can lead to adverse medical consequences, including gastrointestinal (GI) outcomes such as 

parasites, nutritional deficiencies, and obstructions.1,2,3,4 Case reports describe individuals 

with developmental disabilities (DDS) and pica having subsequent GI symptoms such as 

vomiting, weight loss, and abdominal pain requiring clinical intervention.1,5,6

Pica prevalence has been found to be higher in children and adults with DDS, including 

autism spectrum disorder (ASD) and/or intellectual disability (ID) than in the general 

population.2,4,7,8,9,10 Most recently, we analyzed a large population-based sample of 

preschool-aged children from the Study to Explore Early Development (SEED) and reported 

that pica prevalence was 9.7%—28.1% in children with ASD, ASD characteristics, and/or 

ID, which were all significantly higher than the pica prevalence of 3.5% in preschool-aged 

children sampled from the general population (POP controls).7 Associations between pica 

and ASD and ID remained significant after adjustment for sociodemographic factors with 

adjusted prevalence ratios (aPRs) ranging from 1.9 to 8.0 for various subsets of children with 

ASD diagnoses, ASD characteristics without a diagnosis, and/or ID.7

Several studies have also found that GI symptoms and disorders occur more frequently in 

children with ASD and other DDS.11,12,13 Prevalence estimates of GI symptoms in persons 
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with ASD have varied widely across studies depending on sampling methods, population 

characteristics and measurement and definition of GI symptoms.14 A previous study using 

data from the first phase of SEED, which ascertained GI symptoms, such as vomiting, 

diarrhea, and constipation, through parent-report, found that children with ASD were over 

3 times more likely to have GI symptoms (34.6%) than children in the general population 

(POP) group, (12.0%); children with other DD types were nearly 2 times more likely to have 

GI symptoms (22.2%) than children in the POP group.13

The interplay between pica and GI symptoms among children with ASD or other DDS has 

not been assessed in large epidemiologic studies. We examined an expanded sample from 

SEED, which has now completed two data collection phases, to assess associations between 

pica and common GI symptoms in preschoolers with and without ASD and other (non-ASD) 

DDS.

Methods

Study design and data collection

Two phases of SEED data collection have been completed (2007–2012 and 2012–2016) in 

six study sites (California, Colorado, Georgia, Maryland, North Carolina, and Pennsylvania) 

following a common protocol.15 Children eligible for SEED were aged 2–5 years at the 

time of study enrollment, lived in the respective site’s study area both at birth and at study 

enrollment, and lived with a caregiver since at least 6 months of age who could provide legal 

consent and communicate in English (all sites) or Spanish (two sites). SEED included three 

study groups: children with ASD, children with (non-ASD) DDS, and children from the 

general population (POP). Children with ASD and other DDS were recruited from multiple 

clinics and schools at each site. POP controls were recruited from randomly-selected birth 

records at each site.

Upon enrollment, caregivers completed the Social Communication Questionnaire (SCQ)16 

to screen for child ASD symptoms. Children with SCQ scores ≥11 and/or a previous 

ASD diagnosis or special education classification underwent in-depth developmental 

assessments including the Autism Diagnostic Observation Schedule (ADOS)17 and their 

caregivers completed the Autism Diagnostic Interview–Revised (ADI-R).18 Final ASD 

classification was determined by ADOS and ADI-R scores.19 Caregivers also completed 

structured telephone interviews and self-administered forms assessing sociodemographic 

characteristics and child health conditions and behaviors. Pica was ascertained from the 

Child Behavior Checklist (CBCL),20 a standardized parent-administered form used to 

assess problem behaviors. We considered a child to have pica if the caregiver responded, 

“somewhat or sometimes true” or “very true or often true” to the item child eats or drinks 
things that are not food – not including sweets. Child GI symptoms were ascertained from 

parent-administered health-history forms. Symptoms included vomiting, diarrhea, loose 

stools, constipation, and/or pain on stooling. Each symptom was coded as a binary variable 

based on whether the parent reported the child had two or more occurrences of a given 

symptom per month.
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This study was approved by Institutional Review Boards (IRB) at the Centers for Disease 

Control and Prevention (CDC) and by participating sites. Written informed consent was 

obtained for each participant.

Data analysis

We assessed the prevalence of GI symptoms in children with and without pica and used 

modified Poisson regression21 to examine the association between pica and GI symptoms 

controlling for study phase, child sex, child age, maternal race/ethnicity, maternal education, 

maternal age at enrollment, and household income. We conducted all analyses separately 

by study group (ASD, DD, and POP) and for the three study groups combined. For the 

combined analyses, we additionally controlled for study group.

Given the findings of a previous analysis of SEED data documenting associations between 

ASD and GI symptoms13 we carried out supplemental analyses to assess whether ASD 

and/or DD were associated with GI symptoms in the absence of pica. Among children 

without pica, we calculated adjusted prevalence ratios (aPRs) and 95% confidence intervals 

(CIS) using modified Poisson regression in which we evaluated the association between GI 

symptoms among children with ASD and DD compared to GI symptoms among children in 

the POP group. Adjustment factors were the same as in the main analysis.

Results

Overall, 4935 children in the ASD, DD, and POP groups were considered for this analysis. 

We excluded children missing data on pica (n = 196) and GI symptoms (n = 415). Our final 

sample included 4324 children: 1244 with ASD, 1593 with DD, and 1487 in the POP group. 

One or more GI symptoms were reported for 549 (43.1%) children with ASD, 438 (27.4%) 

children with other DDS, and 253 (17.0%) children in the POP group. Pica was reported 

for 282 (22.7%), 132 (8.3%), and 50 (3.4%) children in the ASD, DD, and POP groups, 

respectively.

In all study groups, the highest proportion of mothers were non-Hispanic White, 35 years 

or older, had a bachelor’s degree or higher and had a household income over $50,000. Over 

70% of children in all groups were 48 months of age or older. ASD and DD group children 

were more likely to be male (82.0% and 67.2%) than POP group children (53.2%), p-value 

<0.05 (Table 1).

Within all study groups, children with pica had a higher prevalence of vomiting, diarrhea, 

and loose stools than children without pica (Table 2). In the DD group only, children with 

pica had significantly more pain on stooling and constipation than those without pica.

In multivariable analyses, pica was associated with vomiting, diarrhea, and loose stools in 

each study group with adjusted prevalence ratios ranging from 1.4 to 4.7; however, the 

pica-loose stools association in the POP group approached but did not reach statistical 

significance (Table 3). For the total sample (i.e. combined study groups), pica was associated 

with vomiting (aPR = 2.6), diarrhea (aPR = 1.8), and loose stools (aPR = 1.8). In the DD 
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group only, pica was marginally associated with constipation (aPR = 1.4) and likewise was 

associated with pain on stooling (aPR 1.8).

Despite associations across study groups between pica and several GI symptoms, pica did 

not entirely explain the known disparity in GI symptom prevalence between children in 

the ASD or DD groups versus POP group. In the absence of pica, we observed positive 

associations between ASD (versus POP) and each of the five GI symptoms included in 

this analysis (Supplemental Table 1). We observed similar associations between DD (versus 

POP) and GI symptoms. Small sample sizes precluded us from assessing associations 

between ASD and DD and GI symptoms among the stratum of children with pica.

Discussion

To our knowledge this is the first study of its kind (i.e. large population-based sample with 

standardized data collection) to examine associations between pica and GI symptoms in 

children with and without ASD and other DDS. We found that within each study group 

pica was associated with vomiting, diarrhea and loose stools. Nonetheless, in the absence of 

pica, children with ASD and DD still had a notably higher prevalence of all GI symptoms 

evaluated in comparison to POP group children. Thus, while pica might be an important 

contributor to GI symptoms, it does not appear to fully explain the increased risk for GI 

symptoms among children with ASD and other DDS.

There are many possible etiologies for increased GI symptoms in children with ASD. 

Some possible causes include having a more restrictive diet with poor fiber intake22 food 

allergy and intolerance,23 and feeding problems associated with GI and intestinal microbiota 

change.24

Additionally, previous studies of children with ASD have reported associations between 

GI symptoms and other developmental issues including sleep problems,25,26 sensory over­

responsivity,27 internalizing and externalizing symptoms and behaviors,25,27,28 self-injurious 

behavior,26 and developmental characteristics central to ASD including regression13 and 

stereotyped repetitive behaviors.26

Our findings support case reports documenting that children and adults who engage in pica 

are at increased risk for GI symptoms.1,5,6,29 As noted by Rashid, Davies, and Iftikhar1 it 

may be important for healthcare providers to assess pica in any youth with developmental 

disorders when non-specific GI symptoms occur (e.g., vomiting) because of communication 

problems associated with ASD and some other disabilities and the variability of pica clinical 

presentations.1,30 Potential causes for pica in children with ASD include atypical eating 

behaviors, such as limited food preferences and hypersensitivity to food textures, sensory 

processing difficulties resulting in both atypical eating and pica behavior, and challenges 

understanding the difference between edible and inedible objects.31,32,33

Strengths of this study include standardized classification of the ASD group using objective 

developmental data in a large epidemiologic study that includes a control group selected 

from the general population consisting largely of typically developing children. Data on GI 

symptoms were collected consistently from parents, allowing us to look at the relationship 
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between pica and GI symptoms in children with ASD, other DDS, and from the general 

population.

This study also has limitations. Data on pica and GI symptoms are cross-sectional and 

cannot demonstrate a temporal association. The cross-sectional nature of the data also 

limited us from exploring potential covariates in the causal pathway of pica and GI 

symptoms including internalizing and externalizing behaviors, and sleep disturbances. 

Additionally, due to small sample sizes, we were not able to further subdivide our sample 

of children in the ASD, DD, and POP groups into more refined subgroups based on ID. 

These data from six study sites across the US may not be generalizable to other populations. 

Finally, our assessment was limited to parent-report of common GI symptoms. However, the 

prevalence of the GI symptoms we evaluated were similar to those reported in a previous 

study of children with ASD that assessed GI symptoms using parental report 12 suggesting 

reliability of parent-reported GI symptoms. Despite these limitations, this study provides 

foundational knowledge on the prevalence of pica and its relationship to gastrointestinal 

symptoms in children and specifically children with ASD and other DDS, groups previously 

shown to have increased risks for GI symptoms.

Conclusion

These results highlight the adverse effects of pica in all children. Because children with ASD 

or other DDS have higher risks for both pica and GI symptoms than typically developing 

children2,4,7,8,9,10,11,12,13 these findings may be informative for healthcare providers caring 

for children with ASD and other DDS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgment

We thank the SEED Data Coordinating Center team at the Clinical and Translational Sciences Institute of Michigan 
State University for their support throughout this study.

Funding

This study was supported by six cooperative agreements from the Centers for Disease Control and 
Prevention: Cooperative Agreement Number U10DD000180, Colorado Department of Public Health; Cooperative 
Agreement Number U10DD000181, Kaiser Foundation Research Institute (CA); Cooperative Agreement Number 
U10DD000182, University of Pennsylvania; Cooperative Agreement Number U10DD000183, Johns Hopkins 
University; Cooperative Agreement Number U10DD000184, University of North Carolina at Chapel Hill; and 
Cooperative Agreement Number U10DD000498, Michigan State University.

References

1. Rashid F, Davies L, Iftikhar SY. Magnetised intragastric foreign body collection and autism: an 
advice for carers and literature review. Autism. 2010; 14: 139–145. [PubMed: 20395283] 

2. Williams DE, McAdam D. Assessment, behavioral treatment, and prevention of pica: clinical 
guidelines and recommendations for practitioners. Res Dev Disabil. 2012;33:2050–2057. [PubMed: 
22750361] 

Fields et al. Page 6

Disabil Health J. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Bell KE, Stein BM. Behavioral treatments for pica: a review of empirical studies. Int J Eat Disord. 
1992;11:377–389.

4. Matson JL, Hattier MA, Belva B, Matson ML Pica in persons with developmental disabilities: 
approaches to treatment. Res Dev Disabil. 2013;34:2564–2571. [PubMed: 23747942] 

5. Wijetilleke A, Sakran M, Kamat-Nerikar R. Vomiting in a girl with autism. Clin Pediatr. 
2009;48:224–227.

6. Martindale JL Bunker CJ, Noble VE. Ingested foreign bodies in a patient with pica. Gastroenterol 
Hepatol. 2010;6:582–584.

7. Fields VL, Soke GN, Reynolds A, et al. Pica, Autism, and Other Disabilities. Pediatrics. Published 
online: January 6, 2020 10.1542/peds.2020-0462

8. Matson JL, Sipes M, Fodstad JC, Fitzgeral ME. Issues in the management of challenging behaviours 
of adults with autism spectrum disorder. CNS Drugs. 2011;25:597–606. [PubMed: 21699271] 

9. McAdam DB, Sherman JA, Sheldon JB, Napolitano DA. Behavioral interventions to reduce the pica 
of persons with developmental disabilities. Behav Modif. 2004;28:45–72. [PubMed: 14710707] 

10. Tureck K, Matson JL, Beighley JS. An investigation of self-injurious behaviors in adults with 
severe intellectual disabilities. Res Dev Disabil. 2013;34: 2469–2474. [PubMed: 23747938] 

11. Schieve LA, Gonzalez V, Boulet SL, et al. Concurrent medical conditions and health care use and 
needs among children with learning and behavioral developmental disabilities, National Health 
Interview Survey. Res Dev Disabil. 2012;33:467–476,2006–2010. [PubMed: 22119694] 

12. Chaidez V, Hansen RL Hertz-Picciotto I. Gastrointestinal problems in children with autism, 
developmental delays or typical development. J Autism Dev DisOrd. 2014;44:1117–1127. 
[PubMed: 24193577] 

13. Reynolds AM, Soke GN, Sabourin KR, et al. Gastrointestinal Symptoms in 2- to 5- Year-Old 
Children in the Study to Explore Early Development. J Autism Dev Disord. In press 2020.

14. Holingue C, Newill C, Lee LC Pasricha PJ, Daniele Fallin M. Gastrointestinal symptoms in autism 
spectrum disorder: a review of the literature on ascertainment and prevalence. Autism Res. 2018; 
11(1):24–36. [PubMed: 28856868] 

15. Schendel DE, Diguiseppi C, Croen LA, et al. The study to explore early development (SEED): a 
multisite epidemiologic study of autism by the Centers for autism and developmental disabilities 
Research and epidemiology (CADDRE) network. J Autism Dev Disord. 2012;42:2121–2140. 
[PubMed: 22350336] 

16. Rutter M, Bailey A, Lord C. SCQ: Social Communication Questionnaire. Los Angeles, CA: 
Western Psychological Services; 2003a.

17. Lord C, Risi S, Lambrecht L, et al. The Autism Diagnostic Observation Schedule-Generic: a 
Standard measure of social and communication deficits associated with the spectrum of autism. J 
Autism Dev Disord. 2000;30:205–223. [PubMed: 11055457] 

18. Lord C, Rutter M, Le Couteur AL Autism Diagnostic Interview-Revised: a revised version of the 
diagnostic interview for caregivers of individuals with possible pervasive developmental disorders. 
J Autism Dev Disord. 1994;24: 659–685. [PubMed: 7814313] 

19. Wiggins LD, Reynolds A, Rice CE, et al. l. Using standardized diagnostic instruments to 
classify children with autism in the study to explore early development. J Autism Dev Disord. 
2015;45:1271–1280. [PubMed: 25348175] 

20. Achenback T Child Behavior Checklist. Burlington: Achenbach System of Empirically Based 
Assessment; 2013.

21. Zou G. A modified Poisson regression approach to prospective studies with binary data. Am J 
Epidemiol. 2004;

22. Hyman SL Stewart PA, Schmidt B, et al. . Nutrient intake from food in children with autism. 
Pediatrics. 2012;130(Suppl 2): S145–S153. [PubMed: 23118245] 

23. Buie T, Campbell DB, Fuchs GJ 3rd, et al. Evaluation, diagnosis, and treatment of gastrointestinal 
disorders in individuals with ASDs: a consensus report. Pediatrics. 2010;125(Supp 1):S1–S18. 
[PubMed: 20048083] 

24. Tomova A, Soltys K, Kemenyova P, Karhanek M, Babinska K. The influence of food intake 
specificity in children with autism on gut microbiota. Int J Mol Sci. 2020;21(8):2797.

Fields et al. Page 7

Disabil Health J. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



25. Ferguson BJ, Dovgan K, Takahashi N, Beversdorf DQ. The relationship among gastrointestinal 
symptoms, problem behaviors, and internalizing symptoms in children and adolescents with 
autism spectrum disorder. Front Psychiatr. 2019;10:194.

26. Restrepo B, Angkustsiri K, Taylor SL, et al. l. Developmental-behavioral profiles in children 
with autism spectrum disorder and co-occurring gastrointestinal symptoms. Autism Res. 
2020;13(10):1778–1789. [PubMed: 32767543] 

27. Mazurek MO, Vasa RA, Kalb LG, et al. . Anxiety, sensory over-responsivity, and gastrointestinal 
problems in children with autism spectrum disorders. J Abnorm Child Psychol. 2013;41(1):165–
176. [PubMed: 22850932] 

28. Mazefsky CA, Schreiber DR, Olino TM, Minshew NJ. The association between emotional 
and behavioural problems and gastrointestinal symptoms among children with high-functioning 
autism. Autism. 2014;18(5):493–501. [PubMed: 24104507] 

29. Herguner A, Herguner S. Pica in an adolescent with autism spectrum disorder responsive to 
aripiprazole. J Child Adolesc Psychopharmacol. 2016;26:80–81. [PubMed: 26780755] 

30. Conyers R, Efron D. Agitation and weight loss in an autistic boy. J Paediatr Child Health. 
2007;43:186–187. [PubMed: 17316195] 

31. Guides to Pica for Parents and Professionals. https://www.autismspeaks.ca/science­
servicesresources/resources/tool-kits/guides-to-pica-for-parents-and-professionals/. Accessed 
October 14, 2020.

32. Mayes SD, Zickgraf H. Atypical eating behaviors in children and adolescents with autism, ADHD, 
other disorders, and typical development. Res Autism spectr Disorders. 2019;64:76–83.

33. Provost B. Crowe TK, Osbourn PL McClain C, Skipper BJ. Mealtime behaviors of preschool 
children: comparison of children with autism spectrum disorder and children with typical 
development. Phys Occup Ther Pediatr. 2010;30(3):220–233. [PubMed: 20608859] 

Fields et al. Page 8

Disabil Health J. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.autismspeaks.ca/science-servicesresources/resources/tool-kits/guides-to-pica-for-parents-and-professionals/
https://www.autismspeaks.ca/science-servicesresources/resources/tool-kits/guides-to-pica-for-parents-and-professionals/


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fields et al. Page 9

Table 1

Descriptive characteristics of the study population.

Characteristics Study Group

ASD (n = 1244)
%

DD (n = 1593)
%

POP (n = 1487)
%

Maternal Race-Ethnicity * *

Non-Hispanic White 50.8 55.4 69.5

Non-Hispanic Black 22.8 21.0 13.4

Hispanic 14.5 15.3 8.5

Other/Multiracial 11.9 8.3 8.6

Maternal Age, years *

<30 14.6 16.6 11.7

30–34 26.5 24.4 26.0

≥35 59.0 59.0 62.3

Maternal Education * *

< Bachelor’s 46.0 45.0 28.9

Bachelor’s + 54.0 55.0 71.1

Household lncome * *

<50,000 36.7 38.7 23.9

50–89,999 27.9 25.9 23.8

90,000+ 35.4 35.3 52.3

Child Age, months * *

30–<48 22.1 23.7 28.2

≥48 77.9 77.3 71.8

Child Sex * *

Male 82.0 67.2 53.2

Female 18.0 32.8 46.8

Abbreviations: POP, population control group; ASD, autism spectrum disorder; DD, developmental disability.

*
p-value <0.05 derived from a chi-square test in which the ASD study group was compared to the POP group and the DD study group was 

compared to the POP group.
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